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ABSTRACT
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Broiler frames were treated with antimicrobial solutions of 0.5% cetylpyridinium
chloride with Citrilow™ (CPC) or 0.1% peroxyacetic acid (PAA) for contact times of 30
to 120 sec and evaluated for their effectiveness at reducing the incidence of Salmonella
spp. on broiler frames and decreasing Salmonellae counts on mechanically separated
chicken meat (MSC). MSC samples were evaluated for pH, color, cook loss and protein
bind. Results from the preliminary study indicated that 0.5% CPC at 60, 90, and 120 sec
achieved higher reduction of Salmonellae on whole broiler frames than CPC at 30 sec or
any PAA treatments. In contrast, PAA exposure for 60 sec had greater log reduction of
Salmonella spp. on MSC than the other PAA or CPC treatments. On average, CPC
treatments were lighter (CIE L*) (P<0.05) than PAA treatments, and PAA treatments
were more red (CIE a*) and yellow (CIE b*) (P<0.05) than CPC treatments.
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CHAPTER I
INTRODUCTION
Mechanically separated chicken (MSC) results from the separation of chicken
tissue from bone by high pressure processing. Federal regulations state that MSC must
contain no more than 1% bone with a particle size of not more than 1.5 mm at the
greatest dimension in 98% of the bone particles (9 CFR 381.173). The calcium content
must be less than 0.235% from mature carcasses or 0.175% when other carcasses are
used (9 CFR 381.173). MSC is typically used as a cost-effective ingredient in products
such as bologna, hot dogs, and non-whole muscle chicken nuggets and chicken patties.
Since MSC is traditionally used in emulsified products, the protein functionality of the
product is important (Owens et al., 2010).
When incorporated into products such as frankfurters, MSC primarily contributes
to texture and water holding capacity (Keeton & Osburn, 2010). However, during the
extrusion process, proteins may be damaged due to the sieve sizes in combination with
heat generated during the process (Froning & Mckee, 2010). If myofibrillar proteins are
damaged, they lose functionality and have a reduced water holding capacity, thereby
reducing yield in the final product and potentially resulting in textural cracking.
In addition to having an impact on the quality of MSC, heat generated during
processing may have an impact on safety. MSC is a product which is susceptible to
bacterial growth and provides a good medium for pathogenic and nonpathogenic bacteria.
1

During processing, broiler frames are stored, ground and sieved in large batches. Through
this process, contamination on a single frame easily cross-contaminates other carcasses
and the entire batch of MSC that is stored in lugs of approximately 1000 kg. In a 2012
Baseline Study on poultry parts, 24.0% of broiler parts were contaminated with
Salmonella spp. (USDA FSIS, 2012). Further sampling indicated that broiler necks were
the most contaminated parts at 54.6% (USDA FSIS, 2012). Necks are one part of the
carcass which may be left attached to the frame and ground into MSC. The high
incidence of Salmonella in broiler necks can be attributed to skin which remains attached.
Salmonella is thought to harbor in skin folds, crevices, and feather follicles and
contaminate equipment and other carcasses via blades during the deboning process and in
the case of MSC, during grinding (Kim, Frank & Craven, 1996). Similarly, Nayak and
others (2001) discovered that rinsing and stomaching did not remove embedded
Salmonella, but shredding of the skin would release the bacteria (2001).
In January 2015, the United States Department of Agriculture (USDA) set new
performance standards for poultry processors in an effort to reduce Salmonella in ground
poultry and chicken parts. USDA Food Safety and Inspection Service’s (FSIS) proposed
pathogen reduction performance standards include achieving at least a 30% reduction in
illnesses from Salmonella in chicken parts, ground chicken, and ground turkey (USDA
FSIS, 2015). Although primary processors within the poultry industry have made
progress conforming to the new standards, there remains room for improvement. The
objectives of this study were: 1) to determine the best exposure time to reduce Salmonella
spp. on naturally contaminated broiler frames dipped in solutions of cetylpyridinium
chloride (CPC) or peracetic acid (PAA), 2) to determine the efficacy of the CPC and
2

PAA treatments at reducing Salmonella on MSC produced from previously treated
poultry frames, and 3) to determine the instrumental quality of MSC that was produced
from frames treated with CPC or PAA. Antimicrobial solutions consisted of: 0.5%
cetylpyridinium chloride adjusted to a pH of 1.5 with Citrilow™ (citric acid,
hydrochloric acid and water), 0.10% peracetic acid solution, and control dips consisting
of distilled water. In phase I, frames were dipped in treatment solutions for 30-120 secs.
Utilizing data from phase I, exposure times from 30-90 secs were selected for phase II.
The objectives of the study were accomplished through analysis for color (CIE L*, a*,
and b*, chroma and hue), protein bind, pH, cook loss, spread plating for enumeration of
Salmonella and confirmation using real-time and conventional polymerase chain reaction
(PCR) tests.

3

CHAPTER II
LITERATURE REVIEW
2.1

History of mechanically separated chicken
Mechanically separated poultry is defined as “any product resulting from the

separation and removal of most of the bone from attached skeletal muscle and any other
tissue of poultry carcasses and parts of carcasses that has a paste-like form and
consistency, that may or may not contain skin with attached fat” (9 CFR 381.173).
During the 1950s and 1960s, poultry processors in the United States transitioned from
marketing whole birds to consumers to offering retail cuts such as breasts, wings, and
drumsticks (Ockerman & Hansen, 1999). As a result, processors needed to determine
how to utilize less marketable pieces such as necks and backs.
In Japan during the 1940s, the fish industry developed methods to recover large
amounts of tissue after the deboning process. By the 1950s, the poultry industry in the
United States adopted many of the same practices, and by the 1970s the red meat industry
developed deboners suitable for their applications. At its infancy, various methods were
used for tissue recovery within the poultry industry. One method which gained popularity
was the mechanical separation process, also termed mechanical deboning or mechanical
recovery in Europe (Ockerman & Hansen, 1999). The process was simple. After all retail
cuts were removed, some tissue remained attached to the carcass. The frames were
ground and then forced through sieves or screens using high pressure. The shear
4

differential between poultry meat and bone and cartilage allowed for the removal of most
bone from mechanically separated chicken meat (MSC) (Owens, Alvarado, & Sams,
2010).
In the early 1990s, red meat sausage manufacturers sued the Secretary of
Agriculture, Mike Espy, claiming that the poultry industry had an unfair advantage due to
labeling policies (FSIS Poultry Products Produced by Mechanical Separation and
Products In Which Such Poultry Products Are Used, 1995). While red-meat processors
were required to label their products as “mechanically separated species”, poultry
processors only needed to state “chicken” or “turkey” on the label (Owens et al., 2010).
Following the suit, USDA FSIS reviewed the regulations for poultry products that were
produced by mechanical separation and established a definition, standard of identity, and
labeling requirements for both mechanically separated poultry and products such as hot
dogs and bologna, which would contain mechanically separated poultry.
2.1.1

Food safety issues with mechanically deboned chicken
The CDC estimated that from 2000-2008 there were 9.4 million episodes of

foodborne illness, 55,961 hospitalizations, and 1,351 deaths caused by 31 major
pathogens, annually (CDC, 2014). Of the major pathogens, nontyphoidal Salmonella spp.
contributed to an estimated 11% of illnesses and acted as the leading cause of
hospitalizations and death at 35% and 28%, respectively (Scallan et al., 2011). In a 2013
Surveillance Report, the CDC reported a 39% increase in outbreaks caused by
Salmonella and a 38% increase in hospitalizations due to Salmonella infection since 2012
(CDC, 2015). Salmonella contamination in chicken was estimated to be responsible for
700 illnesses and 213 hospitalizations (CDC, 2015). The increase was likely due to better
5

detection resulting from an FSIS proposed rule, which modernized poultry inspection and
called for more strenuous sampling and analysis for enteric pathogens such as Salmonella
(Modernization of Poultry Slaughter Inspection, 2012).
Salmonellae are rod-shaped, Gram negative, motile, non-spore-forming
bacterium. They are facultative anaerobes that belong to the family Enterobacteriaceae.
The microorganism can survive at temperatures ranging from 5°-47°C, a pH range of 4.29.5, and water activities of 0.94->0.99. Optimum growth conditions for the
microorganism are temperatures of 35°C -37°C, 0.99 Aw, and a pH ranging from 7.0-7.5
(FDA, 2014). Salmonella is comprised of two species, Salmonella bongori and
Salmonella enterica, but has more than 2500 subspecies. Of the two species, Salmonella
enterica serotype Typhimurium is responsible for most gastroenteritis cases.
Salmonellosis, caused by Salmonella enterica, manifests as fever, headache, nausea,
vomiting, abdominal cramps, and diarrhea (FDA, 2012). The bacterium also has the
ability to cause severe illness in those with comprised immune systems such as children,
the elderly, and pregnant women (FDA, 2012).
Salmonellae are typically found in the intestinal tract of animals and are endemic
and commensal in poultry. Fecal contamination during evisceration is the primary cause
of broiler meat contamination (Sarlin et al., 1998). A quarterly progress report from JanMarch of 2014 found that 3.4% of young chickens tested positive for Salmonellae
(USDA FSIS, 2012). Although that number is relatively low, as birds enter processing,
cross-contamination occurs. Furthermore, Salmonella incidence increases in poultry parts
when compared to whole bird carcasses. A 2012 FSIS baseline study reported an
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estimated national prevalence of Salmonella in chicken parts as 24.0% (USDA FSIS,
2012).
Research has indicated that even after thorough rinsing, Salmonella remains in
crevices and feather follicles and can be released to contaminate other areas (Kim, Frank,
& Craven, 1996). It was theorized that Salmonella is spread from feather follicles to
poultry parts by the blades during deboning. Current industry standards are effective at
reducing the bacterial load through antimicrobial interventions at multiple stages during
processing including: online reprocessing, inside outside bird washes, poultry chillers,
and post-chill applications (Mckee, 2011). However, several researchers have found that
after defeathering, microbial counts increase to pre-scald levels (Berrang, Dickens, &
Musgrove, 2000; Buncic & Sofos, 2012).
After deboning, frames are traditionally further processed into MSC. In secondary
processing facilities, the frames are traditionally treated with an antimicrobial rinse such
as chlorine. In mechanically separated chicken, there is an even greater incidence of
Salmonella due to cross contamination of frames during the deboning process. Additional
cross-contamination occurs among batches of MSC during the grinding process where
the heat produced by friction contributes to microbial growth (Smith, 2014). Once the
MSC is ground, there are typically no other preventative measures taken to reduce or
eliminate Salmonella incidence in MSC. Therefore, the burden of controlling Salmonella
passes to any processor who purchases MSC for use in a further-processed product. At
that point, any deviation below acceptable thermal treatment limits creates a potential
hazard for consumers of the final product.

7

2.1.1.1

Intervention
Food safe antimicrobials are currently employed in processing plants to reduce

the microbial load of poultry carcasses. One of the most commonly used antimicrobials is
chlorine. However, chlorine’s antimicrobial capacity is negatively impacted by high
levels of organic matter which binds free chlorine. Carcasses treated with chlorine are
also banned within the European Union and Russia, so any carcasses, parts, or byproducts would not be available for export. Due to the limitations of chlorine use, the
poultry industry has researched viable alternatives. Since 2000, alternative antimicrobials
such as CPC, PAA, chlorine dioxide and acidified sodium chlorite have been studied for
years as alternatives to chlorine; and, PAA and CPC are commonly used for post-chill
application (Mckee, 2011).
From personal communication, it appears that MSC producers rely on
contamination control in primary processing. After carcasses are deboned, there is rarely
an effective measure used to control Salmonella or other microorganisms. In some MSC
processing plants, frames are sent through an ambient chlorine spray immediately prior to
entering the grinder and sieve. However, research results indicated that immersion was as
effective and cheaper than spraying for reduction of Salmonellae on poultry skin (Kim &
Slavik, 1996). PAA and CPC are both USDA approved antimicrobials which have been
commonly used as either sprays or dips in primary processing (USDA FSIS, 2014). This
review will explore past research conducted on the utilization of PAA and CPC to reduce
the microbial load of various meat products.

8

2.2

Peroxyacetic acid
The organic acid, PAA, is a relatively weak acid which forms an equilibrium in

water with acetic acid and hydrogen peroxide (Baldry & Fraser, 1988). Studies have
shown that the combined acidic and oxidizing properties of PAA have been found to be
effective against bacteria, bacterial spores, fungi, and yeast (Fatemi & Frank, 1999). It
functions by oxidizing the outer membrane of bacterial cells causing lysis of the plasma
membrane and eventually leading to cell death (Donabed, Rodriques, Shaver & Howarth,
2013). Unlike some other organic acids, which are not as effective at low concentrations
(≤ 1%), PAA is an effective antimicrobial (Tamblyn & Conner, 1997). When used in
conjunction with hydrogen peroxide at low concentrations, PAA is an effective
antimicrobial, even in the presence of organic matter (Briñez, Roig-Sagués, Hernández
Herrero, López-Pedemonte, & Guamis, 2006; Tamblyn & Conner, 1997). PAA and
hydrogen peroxide are commonly used in conjunction and are recognized as safe and
suitable ingredients for use in pre and post-chill application by the USDA. PAA is
regulated at 2000 ppm for application in poultry processing water for carcasses, parts,
and organs; however, there are no specific regulations for application to poultry frames.
Predominantly, antimicrobial solutions containing PAA have a negative impact on
appearance due to its oxidizing properties. In a study by Bauermeister and others (2008),
the effect of PAA at varying concentrations was evaluated for both antimicrobial efficacy
and sensory characteristics. The first trial compared PAA at 0.0025, 0.01, and 0.02% to
chlorine at 0.003%. Two replications, with 50 carcasses per rep, were surface inoculated
with 106 CFU/mL of either Salmonella Typhimurium or Campylobacter jejuni. The
antimicrobial solutions were comprised of the respective chemical concentrations and
9

poultry chill tank water was collected from a nearby poultry processing facility. Since
there was already chlorine present in the collected chill tank water, the researchers stated
that they only used water which had the minimum level of chlorine present. However,
they did not supply the percentage of chlorine initially present in the collected chiller
water. In evaluation of the antimicrobial efficacy against Salmonella, all PAA treatments
showed significant reduction when compared to the chlorine treatment. The 0.02%
solution was the most effective concentration with approximately 1.8 log CFU/sample as
compared to approximately 3.1 log CFU/sample for the chlorine treatment.
Bauermeister and others (2008) also conducted a sensory study (n=500) and
evaluated a water control, 0.003% chlorine treatment, and treatments of 0.01%, 0.015%,
and 0.02% PAA for 21 days at 4°C. Researchers found that PAA, when used at low
concentrations had a slight lightening effect, which disappeared over the 15 day storage
time. However, the highest concentration (0.02%) caused lighter meat color throughout
the 15 day storage period (Bauermeister and others, 2008). This is in agreement with a
study by del Rio and others (2007), where 220 ppm PAA was applied to a batch of 22
chicken legs at a pH of 3.75 ± 0.03 for 15 min at a temperature of 18 ± 1°C. The
researchers found that PAA resulted in drumsticks with higher L* values on days 0 and 1,
but by day 5 there was no difference between the treated sample, the control, and the
negative control. Additionally, Bauermeister and others (2008) reported that the 0.02%
PAA treatment was less red than the control on day 1 and day 15. In addition, the 0.015%
PAA treatment was significantly less yellow than the control (Bauermeister and others,
2008).
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Panelists rated the 0.01% PAA treatment as being significantly less desirable than
the control on day 1, in terms of appearance, flavor, and texture, but by day 7 there was
no difference between any of the treatments or the control. This indicates initial impact
on sensory characteristics may be rendered insignificant by time if the difference is
relatively small. Both the 0.015% and 0.02% treatment received positive scores up to day
15 for appearance, flavor, texture, juiciness, and overall acceptability. It was postulated
that PAA at higher concentrations could also extend shelf-life (Bauermeister and others,
2008).
2.3

Cetylpyridinium chloride
Cetylpyridinium chloride, CPC, is a quaternary ammonium compound which has

been used in the dental hygiene industry for many years and is commonly found in
mouthwashes and throat lozenges (Vandekerckhove, Van Steenberghe, Tricio,
Rosenberg, & Encarnacion, 1995; White, 2005). It has also been employed as an
antimicrobial in the meat and poultry industry (Bai, Coleman, Coleman, & Waldroup,
2007; Mckee, 2011; Thongbai, Waites, & Gasaluck, 2005). CPC is currently approved
for use as an antimicrobial for surface treatment of “raw poultry carcasses or giblets, or
raw poultry parts” as either a spray or immersion not to exceed 0.8% by weight (USDA
FSIS, 2016). Researchers affiliated with Enviro Tech Chemical Services examined the
effect of residuals on Salmonella spp. testing and found that CPC if not rendered neutral
would suppress the growth of Salmonella spp. during microbial testing leading to false
negatives (Donabed et al., 2013). It is perhaps for this reason among others that post
treatment with CPC, a potable water rinse is required (USDA FSIS, 2016). No specific
11

recommendation is made for application of CPC to poultry frames. McKee noted that
CPC is the predominant antimicrobial for post-chill applications (Mckee, 2011).
CPC is an effective antimicrobial against E. coli O157:H7, S. enterica ser.
Typhimurium, C. jejuni and L. monocytogenes that has been inoculated on meat (Buncic
& Sofos, 2012; Cliver, 1996; Li, Slavik, Walker, & Xiong, 1997). In general, quaternary
ammonium compounds function through absorption into the bacterial cell surface and
permeating and destroying the cell wall causing the cell to lyse which eventually leads to
cell death (Cutter et al., 2000). CPC’s antimicrobial action is dependent on the formation
of weakly ionized compounds when CPC’s basic ions interact with acid groups of
bacterial cells (Huyck, 1944). CPC was effective at inhibiting and reversing attachment
of S. enterica ser. Typhimurium to chicken skin (Breen and others, 1995). However, Kim
& Slavik (1996) observed Salmonellae using scanning electron microscopy and saw no
evidence that CPC caused detachment of cells from poultry skin when immersion was the
method of application. They also found that CPC was able to metabolically impact
Salmonellae without obvious structural changes (Kim & Slavik, 1996).
Numerous studies have examined a range of concentrations and exposure times to
determine the most efficient application method. Xiong and others (2006) noted that
spray treatment of broiler carcasses inoculated with S. enterica ser. Typhimurium and
treated with 0.1% CPC had the greatest reductions at 90 sec of exposure or longer. After
90 sec of contact time, no greater decreases in Salmonella occurred. In their study, a
greater than 1 log reduction was achieved at 90 sec and the longer CPC was in contact
with the tissue, the greater the reduction (Xiong et al., 2006). Another experiment
evaluated the impact of 4 mg/mL CPC and 8 mg/mL CPC when applied via immersion to
12

drumstick skin that was inoculated with S. enterica ser. Typhimurium (Breen, Salari, &
Compadre, 1997). The researchers reported that 0.4% CPC with a 3 min exposure time
had a 4.87 log reduction and at 0.8% for 10 min, CPC was able to inhibit attachment
(Breen et al., 1997). Kim and Slavik (1996) were able to achieve reductions of 0.9-1.7 log
with 0.1% CPC with a 1 min spray application and 1.0-1.6 log reduction following
immersion in a 0.1% CPC solution for 1-3 min. Similar results were achieved when
chicken carcasses were sprayed with approximately 0.1% CPC for 90 sec, which reduced
inoculated S. enterica ser. Typhimurium by 1.6 log units (Li et al., 1997). Another study
compared several antimicrobials, including 0.35% CPC and 0.60% CPC to determine
their efficacy at reducing S. enterica ser. Typhimurium on skin-on chicken breast and
thigh meat (Chen et al., 2014). The treated samples were then ground and a noninoculated set was used to conduct sensory evaluation. Chen and others (2014) reported
no significant difference between concentrations and achieved approximately 0.8 log
reduction. Furthermore, these researchers reported that CPC extended the shelf life of
ground chicken for 3 days (Chen et al., 2014). These findings were similar to those of Bai
and others (2007) who treated with CecureTM and determined that 1.0-1.5% Cecure™
could extend shelf-life by one day.
Cecure™, the commercial product used in this study, contains 40% CPC and
propylene glycol. The manufacturer suggests that the addition of propylene glycol
increases solubility and prevents absorption of CPC into food products (FDA, 2000). The
issue of potential absorption into treated food products has not been resolved at this time.
Therefore, a rinse in potable water is required for treated carcasses or parts (USDA FSIS,
2016). Studies have also shown that it has no adverse effects on product quality due to its
13

neutral pH (Buncic & Sofos, 2012; Chen et al., 2014). Several studies have been
conducted to test the impact of Cecure™ on Salmonella spp. Among them, a study
conducted at three separate USDA inspected processing facilities utilized birds which
were visibly contaminated and showed a 24% reduction in the presence of Salmonella
spp. (Beers et al., 2006). In some cases, Cecure™ also contributed to shelf-life extension
and was beneficial to product quality. Bai and others (2007) evaluated the efficacy of
using 0.5%, 1.0%, or 1.5% Cecure™ on boneless, skinless, chicken thigh meat shelf-life
and found that it extended shelf-life for up to 2 days under refrigerated conditions.
Although it is valued for its neutral pH, CPC may be used in combination with the
additive Citrilow™ to lower solution pH as was done in this study. The antimicrobial
mechanism for Citrilow™ is based on its high acidity or low pH (pH=1-2). Citrilow™
has been found to be effective against Salmonella spp (Cook, Beers, Barclay, & Hawk,
2010). The mechanism of action for citric acid is thought to be linked to its role as a
chelator, wherein it aids in the permeation of the outer membrane of gram negative cells
(Brul & Coote, 1999).
Interestingly, one study showed an increased reduction of firmly attached
Salmonella enterica ser. Typhimurium cells when citric acid was incorporated into a
sodium lauryl sulfate solution (Tamblyn & Conner, 1997). However, the authors noted
that at high concentrations, organic acids like citric acid can bleach skin resulting in
quality issues. Results from a study using 0.6% Cecure™ in conjunction with Citrilow™
to treat skin-on, boneless poultry found Cecure™ to be most effective against
Enterobacteriacae with reductions of 2.19 log CFU/mL for whole parts and 1.25 log
CFU/g for ground samples (Cook, 2013).
14

CHAPTER III
MATERIALS AND METHODS
3.1

Phase I. Preliminary microbial analysis
In this study, preliminary microbial analysis focused on screening broiler frames,

to determine if they were contaminated with naturally occurring Salmonella spp., and
consisted of two parts. In part 1, frames were analyzed to determine if they were positive
or negative for naturally-occurring Salmonella spp. before and after antimicrobial
application. Part II focused on enumeration of the natural load of Salmonella spp. on the
broiler frames via the most probable number method (MPN).
3.1.1

Part I. Screening
Broiler frames (n=240, 3 replications) were sourced from a commercial

processing facility. Frames were transported on ice to Mississippi State University’s
Ammerman-Hearnsberger Pilot Plant and stored in a walk-in cooler at 2 ± 2°C prior to
treatment and analysis. Water for all treatments (instrumental analysis and microbial
analysis) was chilled overnight in the cooler at 2 ± 2°C prior to use. Broiler frames were
randomly selected from the processing facility and used for microbial analysis. Samples
were subjected to either treatment with 0.10% PAA (Microtox 5P, Zee Company,
Chattanooga, TN) solution or 0.50% CPC (Cecure, Safe Foods Corporation, North Little
Rock, AR) solution with Citrilow™ (Safe Foods Corporation, North Little Rock, AR).
Within each treatment group, treatments were further divided based on exposure time.
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Each solution and exposure time had its own control group consisting of a
distilled water dip. Frames were divided into eight groups of ten frames, for each
antimicrobial, according to exposure time: 4 control groups and 4 treatment groups.
Exposure times were as follows for CPC and PAA: 30 sec, 60 sec, 90 sec, and 120 sec.
Therefore, treatments were: CPCC30, CPC30, CPCC60, CPC60, CPCC90, CPC90,
CPCC120, CPC120, PAAC30, PAA30, PAAC60, PAA60, PAAC90, PAA90, PAAC120
and PAA120 where “C” at the end of a name (i.e. CPC“C”) indicated a control group.
Two coolers were utilized, one for controls and another for treatments. They
either were filled with a solution or distilled water. Frames were added to the coolers and
agitated by shaking. Between the same treatment group, cooler water was not changed to
emulate the build-up of organic matter which occurs in industrial settings. Temperature
and pH of the solutions were monitored during processing. At the end of the exposure
time, frames were immediately removed and allowed to drain on racks for 30 min at
room temperature (22±2°C). Room temperature was utilized due to space constraints
during Phase I microbial analysis. In an industrial setting, meat is processed at 12.7°C or
colder (USDA FSIS, 1999).
Frames were placed into sterile sampling bags (Nasco Whirl-Pak, Fort Atkinson,
WI) with 400 mL 2% BPW (USDA FSIS, 2014) and shaken for 1 min by hand. Carcasses
were removed aseptically and disposed. The sample bags were then transported to a BSL2 lab and incubated for 24 h at 35±2°C (USDA FSIS, 2014). Incubated rinsate was then
transferred to a proprietary rapid test kit for the detection of Salmonellae previously
developed by researchers at Mississippi State University and incubated for 24±2 h at
48±0.5°C. After incubation, kits were evaluated to determine positive samples and
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aliquots were streak plated from positive test tubes onto brilliant green agar (BGA)
(Oxoid, Thermo Fisher Scientific, Watham, MA) plates. Plates were incubated for 24 h at
35±2°C after which time suspicious colonies characterized as “red-pink-white opaque
colonies in a brilliant red zone” (Oxoid, Thermo Fisher Scientific, Watham, MA) were
collected and prepared for Salmonella Testing- Real-Time BAX® System assay
(DuPont™ Qualicon, Wilmington, DE) using the method provided by the manufacturer
in the Ready Reference for Real-Time PCR Assays provided with the DuPont™ BAX®
System. The same method was described by Chaves, Echeverry, Miller, & Brashears
(2015) with the exception that 30 µL lysate were transferred to clear tubes with optical
caps containing PCR reagents per manufacturer’s instructions. Nuclease free water
(Promega Corporation, Madison, WI) was used as a negative control and Salmonella spp.
That were previously isolated from chicken samples were used as a positive control.
3.1.2

Enumeration
For MPN analysis, frames (n=72, 3 replications) were cut in half, where half of

the frame was treated with an antimicrobial solution (0.50% CPC, pH=1.5 with addition
of Citrilow™) while the other half acted as a control. Based on results from Part I, only
30 sec and 60 sec treatments were analyzed for CPC treatments. PAA treatments were
not evaluated during this study. For each time point, three frames were used. Following
methods from Part I, frames were dipped for either 30 or 60 sec in a control dip of
distilled water or 0.50% CPC solution. Following dip treatment, frames were placed on
racks and allowed to drip at room temperature until no more visible dripping occurred.
Using shears, frames were minced into small pieces and ground using a small food
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processor. After grinding, cheesecloth was used to strain the product to remove bone. The
MSC was then transferred to a BSL-2 lab for MPN analysis.
For MPN analysis, 1 gram of MSC was transferred to a sterile test tube containing
0.1% BPW and then serially diluted out to 10-4. One gram of sample was added to each
of 3 test tubes containing 2% BPW. Then, dilutions were made in triplicate from each of
the 0.1% tubes to create dilutions ranging from 10-1-10-5. Only the 2% BPW tubes were
incubated at 35±2°C for 24 h. Duplications of all treatments were prepared. MPN
numbers were recorded per the methods outlined in the Microbiology Laboratory
Guidebook Appendix 2.05 MPN Table 2 (USDA, 2014). Only aliquots from those tubes
which showed turbidity were transferred to proprietary rapid detection kits for
Salmonellae. The kits were incubated as described in Part I and after incubation, aliquots
were streak plated from positive test tubes onto brilliant green agar (BGA) and xylose
lysine deoxycholate agar (XLD) (Oxoid, Thermo Fisher Scientific, Watham, MA) plates.
Plates were incubated for 24 h at 35±2°C after which time suspicious colonies
characterized as opaque reddish-pink colonies in a brilliant red zone for BGA and red
colonies with black centers for XLD (Oxoid, Thermo Fisher Scientific) were noted.
3.2

Solution preparation
Control solutions for all samples for instrumental analysis consisted of 40 L of

distilled water which was stored in food safe pails and chilled overnight at 2±2°C.
Solution temperatures for all antimicrobial treatments were approximately 7±3°C. Forty
liters of 0.10% PAA solution was prepared for each replication with a pH of 2.89±0.05.
Forty liters of 0.50% CPC solution was prepared and Citrilow™ was used to adjust the
pH to 1.50. The same procedure for solution preparation was used for both stages of
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microbial analysis. However, only 18 L of each solution and 18 L of distilled water was
prepared for the final microbial study. In the final microbial study, a single 113 L cooler
was used for all treatments and was cleaned and sanitized between treatments. Solution
pH was monitored before and after each immersion dip. Values ranged on average from
pH= 1.50 (initial for 30 sec treatment) to pH=1.58 (initial for 60 sec treatment) for CPC
solutions and pH= 3.17 (initial for 60 sec treatment) to pH= 3.35 (initial for 90 sec
treatment) for PAA solutions.
3.3

Phase II. Microbial analysis
Results from the preliminary study were used to reduce the number of treatments.

As such, only the following treatments were used: CPC30C, CPC30, CPC60C, CPC60,
PAA60C, PAA60, PAA90C, and PAA90, where “C” at the end of a name indicated a
control group. Broiler frames (n=420, 3 replications) were sourced from a local
secondary processing plant on twelve occasions and transported on ice to Mississippi
State University’s Ammerman-Hearnsberger Pilot Plant where they were held on ice in a
cooler at 2 ± 2°C prior to treatment and analysis. Water for all treatments (instrumental
analysis and microbial analysis) was chilled overnight in the cooler at 2 ± 2°C prior to
use. Broiler frames were randomly selected from the processing facility and used for
physiochemical analysis. Samples were subjected to either treatment with 0.10% PAA
(Microtox 5P, Zee Company, Chattanooga, TN) solution or 0.50% CPC (Cecure, Safe
Foods Corporation, North Little Rock, AR) solution with Citrilow™ (Safe Foods
Corporation, North Little Rock, AR). Within each treatment group, treatments were
further divided based on exposure time. Each solution and exposure time had its own
control group consisting of a distilled water dip. Frames were divided into four groups of
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twenty frames, for each antimicrobial, according to exposure time: 2 control groups and 2
treatment groups.
The cooler was filled with a solution or distilled water, placed on a rolling table to
increase agitation for the required exposure time, and frames were added. Between the
same treatment group, cooler water was not changed to emulate the build-up of organic
matter which occurs in industrial settings. Temperature and pH of the solutions was
monitored during processing. At the end of the exposure time, frames were immediately
removed, placed on trays with racks, and allowed to drain covered in food-safe plastic
wrap for 30 min. The trays were then moved to a freezer and held at -17 ± 4°C until they
were minced and ground. Chilling aided in the grinding process.
Once removed from the freezer, frames were cut into chunks using shears
(UltraFlex 9in. Shears, Clauss, Fairfield, CT) to facilitate grinding. Frame pieces were
ground to a paste-like consistency using a meat grinder (Model TCA22, Butcher Boy,
Lasar Mfg Company, Inc., Los Angeles, CA) fitted with a 4.78 mm reversible plate with
a standard chopper knife (Kasco SharpTech, St. Louis, MO). The blade on the Butcher
Boy meat grinder (Model TCA22, Los Angeles, CA) was reversed to produce a product
that was close to the consistency of commercially-produced MSC. The samples were
ground into sterile sampling bags. Since grinding the product invariably raised the
temperature, the sample bags were held in an ice bath (0±2°C) as the product was being
ground. Once a bag was filled, it was transferred to a cooler where it was held at 2 ± 2°C.
The meat grinder was disassembled, cleaned and sanitized between each treatment.
Ground samples were held on ice in a cooler at 2 ± 2°C for a maximum of 72 hours prior
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to analysis for pH, color, cook-loss and protein bind. Samples for color, cook-loss, and
protein bind were blended with 1% salt (Morton Salt, Inc., Chicago, IL).
3.4

Instrumental analysis of pH, color, cook loss, and protein bind
Samples were analyzed instrumentally for pH (n=48/3 replications) and color and

protein bind (n=144/3 replications). A pH probe (Cole-Parmer, Vernon Hills, IL) attached
to a pH meter (Model AP61, Fisher Scientific, Hampton, NH) was used to determine pH.
Ten gram samples of each treatment were analyzed in duplicate for pH by homogenizing
(Model PowerGen 500, Fisher Scientific) in 90 mL distilled water to form a slurry.
For color, cook loss, and protein bind, the same set of samples was used. Each
MSC treatment was weighed and preblended with 1% NaCl. For each treatment, six 11.5
cm x 11.5 cm patties weighing 180 ± 0.1g were formed and used for instrumental color
analysis, protein bind, and cook loss. Values for CIE L* (lightness), a* (redness), and
b*(yellowness) were determined using a Mini Scan EZ spectrophotometer (Model
4500L, Hunter Associates Laboratory, Reston, VA). The spectrophotometer was
calibrated using an instrument standard provided by Hunter Associates Laboratory, Inc.
Instrumental color analysis was performed by taking three measurements on the surface
of each patty. L* values represent lightness on a scale of 0-100, where 100=white and
0=black. Values for a* and b* range from -60 to 60 and are indicative of green to red and
blue to yellow, respectively. Hue is the basic color (red, green, blue, etc.) perception of
an object and chroma is the intensity of the color (X-Rite, 2007).
Patties were pre-weighed prior to color analysis. After color analysis, patties were
baked to an internal temperature of 74°C on a broiler pan with a rack (Viking
Professional, Greenwood, MS) at 204°C. The internal temperature was checked by a
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hand held digital thermometer (TruTemp 3519N, Taylor Precision Products, Oak Brook,
IL). After reaching a minimum temperature of 74°C, samples were removed from the
oven and cooled to room temperature (22±2°C). Samples were then re-weighed for a final
weight. Using the following equation, cooking loss was determined using the raw weight
and the cooked weight. The percentages were then averaged and used for statistical
analysis.
(𝑟𝑎𝑤 𝑤𝑡−𝑐𝑜𝑜𝑘𝑒𝑑 𝑤𝑡)

% Cooking Loss = [

(𝑟𝑎𝑤 𝑤𝑡)

]*100

(3.1)

After final weights were determined, patties were then used for instrumental
protein bind. Protein bind was determined using the method described in Schilling et al.,
(2004). An Instron Universal Testing Center (Model 3300, Instron, Norwood, MA)
equipped with a 500 N load cell and a 25.0-mm diameter steel ball (chrome alloy grade
25) was used. For each test, a patty was centered on the plexiglass stand and the steel ball
penetrated the middle once. Compressive load at maximum peak force (N) was recorded
as the protein bind value.
3.5

Samples for phase II. microbial analysis
Additional broiler frames (n=216 frames, 3 replications) were used for the

inoculation study. The inoculation study was performed in two BSL-2 laboratories at
Mississippi State University. Frames were inoculated with a 3-strain cocktail of S.
enterica ser. Typhimurium ATCC 1408028, S. enterica ser. Enteritidis ATCC 4931, and
S. enterica ser. Braenderup ATCC BAA-664 (Hardy Diagnostics, Santa Maria, CA). The
cocktail was adapted to attain resistance to the antibiotic, nalidixic acid sodium salt
(Sigma-Aldrich, St. Louis, MO) by exposing Salmonellae to two-fold increases of
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nalidixic acid solution in trypticase soy broth (TSB) (Beckton Dickinson & Company,
Durham, NC). Overnight cultures were maintained for the length of the study by
transferring 100 µL of each culture to a sterile test tube containing 20 mL TSB with 1%
nalidixic acid.
For microbial analysis, 9 frames were used for each treatment, where a set of 3
frames was used as subsamples within each replication. Frames were held in a cooler at
2±2°C prior to treatment. At time of treatment, they were transported to a BSL-2
laboratory where they were inoculated by submersion and agitation in food safe plastic
pails containing the 3-strain Salmonella cocktail and 0.1% BPW for 30 s. The inoculum
dip consisted of: 4.5mL of each Salmonella strain and 4.5 L of 0.1% BPW. A separate
pail was used for each treatment. After inoculation, frames were removed and allowed to
drain on sheet trays with racks. A 30 min attachment time at room temperature (22±2°C)
was used to contaminate the frames with Salmonella. After 30 min, frames were placed
into a cooler containing either a control (distilled water dip) or antimicrobial dip and
agitated by hand for 30s, 60s, or 90s. Frames were then removed and allowed to drain on
clean racks for 30 min at room temperature (22±2°C). Frames were cut into chunks and
the ground into MSC-like product following the same method as instrumental analysis.
After treatment, samples were ground using a meat grinder (STX Magnum
1800W, The Mercantile Station 2, Lincoln, NE) with a #12 grinding head fitted with a
3.96 mm plate. After grinding each subsample, the resulting MSC was collected in
duplicate. Samples were ground directly into sterile sample bags (Nasco Whirl-Pak, Fort
Atkinson, WI) and held on ice in a cooler until microbial analysis could be performed.
The grinder and all equipment was rinsed, cleaned, and sanitized between all treatments.
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In another BSL-2 lab, 25 g of each sample was transferred to sterile sample bags
(Nasco Whirl-Pak, Fort Atkinson, WI) and stomached using a laboratory stomacher
(Stomacher 400 Circulator, Seward, Cincinnati, OH) with 225 mL of 0.1% Buffered
Peptone Water (BPW) (Oxoid, Thermo Fisher Scientific, Watham, MA) to make a 10-1
dilution. Serial dilutions of 10-2 and 10-3 were made by transferring 1 mL of the 10-1
dilution into test tubes containing 9 mL of 0.1% BPW. Only the 10-2 and 10-3 dilutions
were spread plated using L-shaped cell spreaders (Fisherbrand, Thermo Fisher Scientific,
Watham, MA) onto Xylose Lysine Deoxycholate (XLD) agar (Oxoid, Thermo Fisher
Scientific, Watham, MA) plates containing 500 ppm nalidixic acid sodium salt solution
and incubated at 35±2°C for 48 h. After incubation, colonies were counted and recorded
for all treatments. Two colonies were selected from each plate for a single dilution and
prepared for PCR testing.
Polymerase chain reaction (PCR) tests were used for confirmation of colonies
which grew on XLD agar with nalidixic acid. Several colonies were selected from each
plate and solubilized with distilled water in 1.5 mL graduated micro tubes (United
Laboratory Plastics, Fenton, MO). Samples were boiled and then centrifuged using an
Eppendorf microcentrifuge (Model 5415C, Hamburg, Germany). Supernatant from each
sample was transferred to a PCR tube (Fisherbrand, Thermo Fisher Scientific, Watham,
MA). Reagents for PCR included: nuclease-free water (Promega Corporation, Madison,
WI), GoTaq Green Master Mix (Promega Corporation), 100 base-pair deoxyribonucleic
acid (DNA) ladder (Promega Corporation), and Inv A Salmonella forward and reverse
primers with 102 base-pairs (Sigma-Aldrich). PCR tubes were centrifuged (Mezzo™
Microcentrifuge, Edvotek, Washington, D.C.) and placed into a thermocycler
24

(Eppendorf, Hamburg, Germany). Gel electrophoresis was performed using a Mupid-exU
submarine electrophoresis system (Takara Bio, Inc., Otsu-Shi, Japan). Gels were
formulated using 0.5x Tris-acetate (TAE) buffer, agarose (Promega Corporation), and
ethidium bromide (Invitrogen™, Thermo Fisher Scientific). Gel imaging was performed
using a UVDI compact digimage system (Major Science, Saratoga, CA).
Colonies were solubilized with 200 µL of sterile distilled water in graduated
micro tubes, boiled for 5 min and centrifuged at 14 rpm for 5 min. After centrifuging, 2
µL supernatant, 12.5µL Master Mix, 1 µL forward
primer(GCGTTCTGAACCTTTGGTAATAA), 1 µL reverse primer (5’
CGTTCGGGCAATTCGTTA), and 7.5 µL nuclease-free water were transferred into
PCR tubes for each sample. All PCR tubes were vortexed to mix PCR reagents and then
placed in the thermocycler. Thermocycler settings were as follows: initial denaturation at
94°C for 3 min, 35 cycles (denaturation: 94°C for 30 s, annealing: 52°C for 30 s, and
extension-:72°C for 45 s), and final extension at 72°C for 10 min.
A 2% agarose gel with 5 µL ethidium bromide was submerged in a bath of 0.5x
TAE buffer. Seven µL of DNA ladder was pipetted into the first well of each gel. Seven
µL of each sample was then pipetted into the other wells of the gel and gel
electrophoresis was performed at 135 V for 20 min. The gel was then removed from the
submarine electrophoresis system and transferred to the UVDI imaging system to view
band migration under UV light. The 100 base-pair DNA ladder (Promega Corporation)
was used as a marker for Salmonella spp. DNA extracts from wild-type Salmonellae were
used as a template.
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3.6

Statistical analysis
In the preliminary study, a 2x2 factorial structure with three replications was

utilized to determine if significant differences (P<0.05) existed in terms of the presence
or absence of naturally occurring Salmonella spp. on broiler frames following treatment
with solutions of 0.50% CPC with Citrilow™ or 0.10% PAA. A randomized complete
block design with three replications was utilized to determine if significant differences
(P<0.05) existed in terms of microbial growth, color, protein bind and cook loss in MSC
produced from broiler frames to which antimicrobial treatments were applied at different
exposure times. Tukey’s HSD tests were used to separate means from both studies when
significant differences occurred among treatments. Microsoft®Excel 2013 XLStat© 2013
(Addinsoft, Inc., Brooklyn, NY) was used to conduct all statistical analyses.
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CHAPTER IV
RESULTS AND DISCUSSION
4.1

Preliminary microbial analysis
Table 4.1 shows mean % reduction for naturally contaminated broiler frames

treated with 0.50% CPC or 0.10% PAA for the aforementioned treatment times. Presence
or absence of Salmonella cells on broiler frames was confirmed using selective kits and
BAX PCR for biochemical confirmation. Mean % positive for the naturally contaminated
broiler frames is shown in Table 4.2.
PAA120, CPC120, CPC90, and CPC60 all had a greater percentage (P<0.05) of
positives than their respective controls. Results indicate that CPC60 was most effective
with 100% reduction on the broiler frames from 33% positive to 0% positive. While all
CPC treatments tended to have greater percentage reductions with longer exposure times,
none of the treatments differed (P>0.05) from each other. Due to its demonstrated
effectiveness at reducing naturally-occurring Salmonella spp. on broiler frames, CPC60
was chosen for the follow-up study. Taking into account current processing times and
industry standards, only treatments which would be viable in the poultry industry, were
tested further. So, CPC30, CPC60, PAA60, and PAA90 with their relatively short but
efficient exposure times were selected for part II of this study. When CPC and PAA
treatments were compared to each other, all CPC treatments had a greater percent
reduction (P<0.05) than PAA30 and PAA60 but did not differ (P>0.05) from PAA90 and
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PAA120. Additionally, CPC60 was more effective than PAA60 and had a greater
(P<0.05) percent reduction. The findings suggested that CPC could be employed at any
time between 30 and 120 sec, but there was no additional benefit after 60 sec of contact
time. Meanwhile, PAA’s efficacy was time dependent and showed its best reduction
potential between 90 and 120 sec.
Table 4.1

Mean percentage reduction of Salmonella spp. for naturally contaminated
broiler frames.
Treatment

% Reduction

CPC30

83AB

CPC60

100A

CPC90

94A

CPC120

96A

PAA30

15C

PAA60

29BC

PAA90

47ABC

PAA120

55ABC

16
SEM
Broiler frames were dip treated with either 0.50% CPC (adjusted to pH=1.5 with
Citrilow™) or 0.10% PAA (pH=2.89±0.05) solution for 30, 60, 90, or 120 sec. Different
superscripts indicated a significant difference (P<0.05).
Table 4.2 indicates that Salmonella contamination was highly variable among
samples. In general, the CPC90, CPC120 and PAA120 treatments led to decreased
incidence (P<0.05) of Salmonella in comparison to their controls. CPC60 did not differ
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(P>0.05) from its control but had 0 % incidence of Salmonella. This lack of difference
was due to a 33.3 % incidence of Salmonella in the control sample for CPCC60.
Table 4.2

Mean % positive of Salmonella spp. for naturally contaminated broiler
frames.

Treatment
% Positive
47BCDEF
CPCC30
6.7EFG
CPC30
33DEFG
CPCC60
0.0G
CPC60
77ABCD
CPCC90
3.3FG
CPC90
77ABCD
CPCC120
3.3FG
CPC120
90.0AB
PAAC30
77ABCD
PAA30
87ABC
PAAC60
60ABCD
PAA60
93A
PAAC90
50ABCDE
PAA90
93A
PAAC120
43CDEFG
PAA120
8.4
SEM
Frames were dip treated with either a water dip (control), 0.50% CPC (adjusted to
pH=1.5 with Citrilow™), or 0.10% PAA (pH=2.89±0.05) solution for 30, 60, 90, or 120
sec. Different superscripts indicate a significant difference (P<0.05).
4.1.1

Enumeration
MPN results (Table 4.3) indicated that naturally contaminated broiler frames had

Salmonella spp. at low CFU/g ranging from <0.3-1.1 CFU/g. Contamination varied
depending on sample and even after treatment, MPN values did not consistently decrease.
This was likely due to varying levels on the frames prior to treatment. Results were
consistent with results from Part I of the preliminary microbial study wherein the
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presence of Salmonella spp. in broiler frames was inconsistent. Due to the variation
inherent in naturally contaminated frames, the decision was made to utilize inoculated
frames for all microbial analyses in the main study.
Table 4.3

Most probable number results (CFU/g) present in naturally contaminated
broiler frames.

MPN (1)
MPN (2)
Rep Treatment
CFU/g
CFU/g
1
CPCC30
< 0.3
< 0.3
1
CPC30
0.36
0.30
1
CPCC60
1.1
0.74
1
CPC60
0.72
1.1
2
CPCC30
< 0.3
1.1
2
CPC30
< 0.3
< 0.3
2
CPCC60
< 0.3
< 0.3
2
CPC60
< 0.3
0.74
3
CPCC30
< 0.3
< 0.3
3
CPC30
0.30
< 0.3
3
CPCC60
0.61
< 0.3
3
CPC60
< 0.3
0.30
Broiler frames (n=72, 3 replications) were treated with either 0.50% CPC with Citrilow™
solution or 0.10% PAA solution for 30, 60, or 90 seconds.
4.2

Microbial analysis
Table 4.4 shows mean log CFU/g for MSC controls and treatments and Figure 4.1

reports the mean log reduction for all treatments. Broiler frames were inoculated on
average with 4.59±0.095 log CFU/g of the 3-strain Salmonella cocktail and confirmation
for Salmonella presence was performed using conventional PCR testing. Post treatment
log counts indicated that PAA and CPC treatments led to 0.6-1.2 log reductions in counts
but were not different (P>0.05). PAA treatments (PAA60 and PAA90) had average log
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reductions of 1.08 CFU/g as compared to 0.80 CFU/g log reduction of CPC treatments
(CPC30 and CPC60).
Table 4.4

Mean log CFU/g of Salmonella spp. present in mechanically separated
chicken (MSC).
Treatment

Log
CFU/g

CPCC30

4.5A

CPC30

3.7B

CPCC60

4.6A

CPC60

3.7B

PAAC60

4.7A

PAA60

3.6B

PAAC90

4.5A

3.5B
PAA90
SEM
0.15
SEM (PAA90)
0.15
MSC produced from broiler frames (n=216, 3 replications) was treated with either 0.50%
CPC with Citrilow™ solution or 0.10% PAA solution for 30, 60, or 90 seconds. Means
with different superscripts are significantly different (P<0.05).
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Figure 4.1

Mean log reduction of Salmonella spp. in mechanically separated chicken
(MSC).

MSC produced from broiler frames (n=216, 3 replications) was treated with either 0.50%
cetylpyridinium chloride (CPC) with Citrilow™ solution or 0.10% peracetic acid (PAA)
solution for 30, 60, or 90 seconds.
A past study compared the efficacy of CPC residuals on the reduction of E. coli
O157:H7 and Salmonella Typhimurium on whole beef muscle versus a ground blend
consisting of meat processed from previously treated whole muscle that were blended
with untreated meat (Cutter et al., 2000). Results indicated that CPC was more effective
on whole muscle than ground meat. This could explain the relatively low log reductions
achieved in this study. Further evaluation of the present study showed some interesting
though not statistically significant results. Results indicated that increased exposure time
may be necessary for CPC treatments to increase effectiveness, whereas PAA treatments
were more effective at lower exposure times. This was in accordance with multiple
studies which found the antimicrobial efficacy of quaternary ammonium compounds to
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be time and concentration dependent and CPC to be more effective when applied for
longer exposure times (Kim & Slavik, 1996; Zhang, 2014).
The reductions in the present study are lower than those previously reported when
PAA was used as an antimicrobial and may be attributed to several factors including a
buildup of organic matter in the rinse system, high initial cell counts, and the
antimicrobial properties of PAA. Bilgili and others (2002) sampled 1,080 broiler
carcasses at seven facilities and found 0.75-3.25 log CFU/mL to be the average microbial
counts at post-chill sampling sites. The log count included enteric bacteria as well as
aerobic bacteria, so it is understood that inoculating with 4.59 log CFU/g of Salmonella
spp. is much higher than natural contamination on broiler frames post-chill in the
industry. Buildup of organic matter, such as fat and protein, in the rinse water would have
reduced the effectiveness of PAA since the antimicrobial would have oxidized both
microbial cells and any organic particles present (Donabed et al., 2013). King et al (2005)
inoculated hot beef carcass pieces with 6 log10 CFU/cm2 each of antibiotic resistant
Salmonella Typhimurium and E. coli O157:H7, but only achieved log reductions of 0.7
log10 CFU/cm2, respectively, even with a dwell time of 10 min in 200 ppm PAA solution.
Because of its many crevices, poultry skin is difficult to decontaminate (Kim &
Slavik, 1996; Kim, Frank, & Craven, 1996). This could explain the difference between
log reductions achieved in other studies and the present study where skin and muscle
tissue were ground into the final product. Additionally, pH and concentration have an
impact on the antimicrobial efficacy of organic acids (Mani-López, García, & LópezMalo, 2012). It is possible that neither antimicrobial was able to fully penetrate the
multitude of crevices in the poultry skin and kill the attached Salmonella spp. Therefore,
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when the skin was processed into MSC, the cells were released. However, the results
indicate that PAA may have more potential than CPC in treating frames at 60 to 90
seconds when applied to broiler frames prior to processing into MSC.
4.3

pH
It has been established by multiple studies that muscle pH influences meat quality

in a variety of ways ranging from appearance to texture. A common defect in poultry is
PSE (Pale, Soft, and Exudative) tissue. PSE is caused by prolonged ante-mortem stress
conditions and results in meat that loses free water along with water-soluble heme
pigments since myofibrillar proteins have been denatured by the drop in pH. Damage to
muscle proteins results in decreased water holding capacity and the meat may be
perceived as both tougher and drier than muscle tissue falling within the normal range of
6.0 for poultry legs or approximately 5.8 to 6.0 for poultry breast meat (Jones & Grey,
1989;Van Laack, Liu, Smith, & Loveday, 2000). Additionally, the loss of heme pigments
results in low L* and a* values. Any treatment which may potentially lower the pH of
muscle tissue and impact protein functionality must be evaluated for its impact on
sensory characteristics related to acidic meat conditions such as protein bind, cook loss,
and color.
No differences existed in pH (P>0.05) among treatments (Table 4.5). When
controls and treatments were compared, there were differences (P<0.05) between CPCC’s
and their treatments but not between PAAC’s and PAA treatments. All CPC controls
exhibited higher mean pH values than their respective treatments, indicating that the use
of this acidic antimicrobial solution on broiler frames subsequently lowered the pH of the
MSC that was produced. Within the treatment category, CPC30 and CPC60 were not
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different (P>0.05) from each other nor were PAA60 and PAA90 different (P>0.05) from
each other. PAA60 and PAA90 both yielded MSC meat with a higher pH than CPC30
and CPC60. This can be attributed to the low pH of the CPC treatments.
Table 4.5

Mean pH values for mechanically separated chicken (MSC).
Treatment

pH

CPCC30

6.5

a

CPC30

6.1

CPCC60

6.6

CPC60

5.9

PAAC60

6.6

PAA60

6.4

PAAC90

6.6

PAA90

6.4

SEM

bc
a
c
a
ab
a
ab

0.11

MSC samples were produced from broiler frames treated with 0.50% CPC (adjusted to
pH=1.5 with Citrilow™) for 30-60 sec or 0.10% PAA (pH=2.89±0.05) for 60-90 sec.
Means within the same column with different superscripts are significantly different
(P<0.05).
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4.4

Color analysis
CIE L* values ranged from 61.2 to 70.1, where on average the CPC treatments

and controls had greater L* values (P<0.05) than the PAA treatments and controls (Table
4.6). PAA90 had the longest exposure time and the least L* value when compared to all
other treatments. There were no differences (P>0.05) among any of the other treatments.
CPC60 differed (P<0.05) from its control (CPCC60), but did not differ from the
other 60 sec control (PAAC60), so it is possible the difference between the two 60 sec
control L* values can be attributed to differences between the frames prior to treatment or
variation during processing. The CPC30 treatment had the greatest L* value when
compared to all treatments and controls. Froning associated greater L* values and lesser
a* values with an elevated level of skin in MSC (Owens, Alvarado, & Sams, 2010). This
could explain why the results differed from previous research, which reported no
differences in the color of poultry skin or poultry meat treated with CPC (Bai, Coleman,
Coleman, & Waldroup, 2007; Bauermeister, Bowers, Townsend, & McKee, 2008; J. W.
Kim & Slavik, 1996; Xiong, Li, Slavik, & Walker, 2006). However, reports were based
on visual and not instrumental analysis. Likewise, Chen et al. (2014) conducted sensory
panels to evaluate CPC (0.35% and 0.6%) and PAA (0.07% and 0.1%) throughout a
shelf-life study and consumers (n=59) reported no differences in terms of appearance
after 1 d of storage when ground chicken samples were evaluated on an 8-point hedonic
scale.
Average a* values ranged from 8.1 to 13.0. PAA90 had a greater (P<0.05) a*
value than PAAC60. Values for CPC treatments (CPC30 and CPC60) ranged from 8.1 to
8.9 and were not different (P>0.05) from each other. However, CPC60 was less red
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(P<0.05) than its control. CPC30 did not differ significantly from its control, but was less
red (P<0.05) than other CPC controls. PAA and CPC 60 treatments did not differ
(P>0.05) in redness, although PAA60 may be more acceptable to poultry processors since
its mean a* value was 10.1 in comparison to 8.1, for CPC60.
On average, PAA60 and PAA90 had greater (P<0.05) b* values than CPC60
values. In addition, PAA60 had greater b* values (P<0.05) than CPC60. The results differ
from the results of Chen et al., (2014) who reported no differences in yellowness between
0.1% PAA and 0.6% CPC treated ground chicken patties after 1 d of storage. Factors that
may have contributed to differences between the two studies include utilization of poultry
frames rather than parts, shorter contact time (23 sec), and higher solution pH in the study
by Chen and others.
The CPCC30 treatment produced MDM with lesser hue and chroma values
(P<0.05) than the CPC and PAA 60 sec controls. This indicates natural color variability
of frames, thus substantiating the need for separate controls for each antimicrobial
treatment. With regard to hue, there were no differences (P<0.05) between the CPC
treatments. Comparison of the 60 sec treatments for both groups indicated that the
PAA60 treatment had a greater hue value (P<0.05) at 23.3 than CPC60 with a hue value
of 21.0. When compared to the controls, each treatment differed (P<0.05) from its control
with the exception of PAA90. In addition, with the exception of PAA90, the treatments
had hue values that were less than the MDM from the controls (P<0.05), and PAA
treatments had greater hue values (P<0.05) than CPC treatments. The lower hue values
for MSC that was exposed to the CPC treatments was likely caused by the highly acidic
pH of the dip solutions.
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When compared to their controls, PAA60 and CPC60 were the only treatments
that differed (P<0.05) from their control with respect to chroma. Both of the treatments
had slightly more intense chroma values (P<0.05) in comparison to their control. Chroma
values of 1.0 to 1.2 indicate that these significant differences would not likely have a
practical impact on appearance in the poultry industry.
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13.0A
10.1BCD
11.4AB

65.0C
66.9ABC
65.9BC

PAAC60

PAA60

PAAC90

0.678

0.318

21.9A

21.4AB

20.8B

22.2A

19.4C

22.0A

19.3 C

21.3AB

Average b*

0.516

25.5A

24.3AB

23.3B

25.8A

21.0C

25.5A

21.3C

23.7B

Hue

0.022

1.0C

1.1BC

1.1AB

1.0C

1.2A

1.0C

1.1AB

1.1AB

Chroma

Raw MSC patties (n=144, 3 replications) produced from broiler frames were treated with either 0.50% CPC or 0.10% PAA were
evaluated for L* (lightness), a* (redness), b*(yellowness), hue and chroma. Means within the same column with different
superscripts are significantly different (P<0.05)

1.19

8.1D

69.9A

CPC60

SEM

12.8A

65.9BC

CPCC60

13.0A

8.9CD

70.1A

CPC30

61.2D

10.3BC

69.2AB

CPCC30

PAA90

Average a*

Average L*

Average CIE (Commission Internationale de l’éclairage) L*, a*, b*, hue and chroma values.

Treatment

Table 4.6
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4.5

Protein bind and cook loss
Average protein bind and cook loss are shown in Table 4.7. Average protein bind

values ranged from 14.0 to 24.1 N, where the CPC controls had greater protein bind
values (P<0.05) than any of the other treatments or the PAA controls (P<0.05). The
higher protein bind values for the CPC controls when compared to the PAA controls may
be due to variation in grinding where sample textures may have been more like traditional
ground chicken than MSC. Controls for CPC and PAA differed (P<0.05) from each
other, but within their own categories (PAA or CPC) there were no differences (P>0.05).
The control group for PAA had an average protein bind of 15.2 N, while CPC’s control
group had an average protein bind of 23.6 N. There were no differences (P>0.05)
between the PAA treatment and control groups.
Table 4.7

Average protein bind and % cook loss of MSC patties.
Treatment
CPCC30
CPC30
CPCC60
CPC60
PAAC60
PAA60
PAAC90
PAA90
SEM

Protein Bind
(N)
24.1A
17.1B
23.1A
12.4B
16.4B
15.7B
14.0B
15.7B
1.23

% Cook Loss
51.4BC
55.9AB
49.1C
51.6BC
54.1ABC
53.8ABC
59.6A
53.5ABC
1.46

MSC patties (n=144, 3 replications) produced from broiler frames were immersed in
either control dips of distilled water or treated with 0.50% CPC with Citrilow™ or 0.10%
PAA for 30, 60, or 90 seconds. A, B, C Means within each column with different
superscripts differ significantly (P<0.05).
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The CPC control groups had greater protein bind values (P<0.05) than their
respective CPC treatments. CPC30 had a mean protein bind value of 17.1 N, which was
less (P<0.05) than its control at 24.1 N. CPC60 also yielded MSC with less protein bind
(P<0.05) than its control. MSC from the CPC60 treated frames had a protein bind value
of 12.4 N as compared to 23.1 N for CPCC60. Among the PAA treatments, there was no
difference (P>0.05) between any of the treatments in terms of protein bind. This is in
agreement with research by Bauermeister et al., (2008) wherein results showed no
significant differences between texture scores for chicken breast fillets treated with PAA
treatments of 0.0025%, 0.01%, or 0.02%. Chen et al (2014) conducted sensory testing on
ground chicken patties that were produced from chicken parts that were dip treated for 23
sec with CPC treatments (0.35% and 0.60%) and PAA treatments (0.07% and 0.10%).
These researchers reported no differences in terms of texture. Based on previous analyses
from our laboratory on samples that were submitted by industrial poultry companies,
MSC with protein bind values less than 15.0 N generally do not have enough binding
strength to make further processed products due to protein denaturation. This indicates
that on average, MSC from frames treated with CPC60 or PAA90 may not be desirable
for use in the poultry industry.
Cook loss percentages from the control groups indicate a difference (P<0.05)
between the PAAC90 and the CPC control groups. No other differences existed (P>0.05)
among control groups. CPC30 treatments had greater cooking loss (P<0.05) than
CPCC60. This was the only difference in CPC treatments. The PAA groups did not differ
(P>0.05) either within a particular group or between the control and treatment groups.
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CHAPTER V
SUMMARY AND CONCLUSIONS
Salmonellae are ubiquitous organisms in poultry and inherent to poultry
processing. As part of its ongoing effort to reduce the incidence of Salmonella spp. in the
poultry industry and poultry meat, the USDA has recently proposed new pathogen
reduction standards for Salmonellae in poultry (New Performance Standards for
Salmonella and Campylobacter in Not Ready-to-Eat Comminuted Chicken and Turkey
Products and Raw Chicken Parts and Changes to Related Agency Verification
Procedures: Response to Comments and Announcement of Implementation Schedule,
2016). Results from this study indicate that certain antimicrobials may be effective at
reducing Salmonella spp. on broiler frames and as such may also be effective on broiler
carcasses. An antimicrobial dip solution of 0.50% CPC with Citrilow™ at pH of 1.50
yielded a 100% reduction of Salmonella by reducing Salmonella presence from 33.3% to
0% when applied to broiler frames for 60 sec. MSC was produced from broiler frames
that were inoculated with 4.59 logs of Salmonella. These are higher counts than those
previously found on broiler carcasses post-chill. As such, reduction of Salmonella spp. in
MSC that is produced from broiler frames has proven to be a much more difficult task.
This can likely be attributed to the attachment type and location of Salmonellae cells
within broiler frames.
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Although reduction of Salmonella spp. was not as high in MSC samples as in
broiler frames, > 1 log reductions were achieved using PAA60 and PAA90. Initial
findings from Phase I, which showed that PAA’s efficacy might have been linked to
exposure time, were confirmed. Results also coincided with those of a previous study
wherein CPC was shown to more effective on whole muscle than ground meat.
The acidic pH of each of the solutions likely contributed to differences in
appearance, including increased lightness in some CPC treatments and decreased redness
and yellowness in PAA and CPC treatments when compared to their controls.
Furthermore, it is likely that once incorporated into a meat mixture and cooked, the
differences would prove to be negligible. In terms of hue and chroma, nearly all
treatments produced MSC with lesser hue values (P<0.05) than their controls. Although
pH may have affected color, protein bind and cook loss results indicated that the PAA
treatments had no significant impact on MSC quality. Based on the results of the study,
PAA when utilized at 0.10% for 60-90 sec proved to be an effective antimicrobial for >1
log CFU/g reduction of Salmonella spp. in MSC.
Recommendations for further research would include application of antimicrobial
solutions directly to MSC, determination of the effects of solution temperature on
antimicrobial efficacy, and impact of application method on antimicrobial and quality
characteristics of both broiler frames and MSC.
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ADDITIONAL FIGURES
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A.1

Agarose gel

Figure A.1

Agarose gel, conventional pcr product.

Agarose gel electrophoresis of the PCR-amplified DNA extracted from the homogenates
of 10 different MSC samples previously inoculated with a 3-strain Salmonella spp.
cocktail. Lanes: 1- DNA ladder; 2- positive control, wild-type Salmonella spp.; 3negative control; 4-10 homogenates. The data shown is representative of three
replications.
A.2

Rapid test kit, method of determination

Figure A.2

Proprietary rapid test kit.

Determination of Salmonella presence or absence was based on color change in lower
portion of kit, where orange = positive and green = negative. Process described is
representative of method used during preliminary study.
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